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Introduction: Previous studies indicated inconsistent associations between daytime

napping and cognitive decline. This study aimed to examine the associations between

self-reported changes in napping and longitudinal cognitive performance.

Methods: A national representative sample of 4,024 participants over 60 was obtained

from the China Health and Retirement Longitudinal Study from 2011 to 2018. Afternoon

napping and potential factors were collected by a questionnaire. Cognitive performance

was assessed on three aspects. The generalized additive models and generalized

estimating equations were used to examine relationships between daytime napping and

longitudinal global cognition, and generalized linear models were used to examine the

longitudinal associations between change in napping at four waves and cognition in

wave 4.

Results: After controlling the potential confounders, participants with afternoon napping

were significantly related to better global cognition than no nappers at baseline. A change

from short napping to no/long napping was associated with worse cognitive performance

(β = −2.593, P < 0.001). A move from no napping to short/long napping was also

associated with lower cognition scores (β = −0.694, P < 0.001). For participants with

moderate napping, a >30min increase (β = −1.558, P < 0.001) in afternoon napping

was associated with worse cognitive function in wave 4.

Conclusion: We observed that adults over 60 years old with napping <30min per

day may be at lower risk of cognitive decline. Change in napping, especially a move

to extreme napping would be a risk marker underlying health conditions that impact

cognition or go along with cognitive decline.

Keywords: cognitive decline, afternoon napping, longitudinal association, old adults, risk

INTRODUCTION

All around the world, dementia places a large burden on both caregivers and adult patients aged
over 60 years old (1). The World Health Organization suggested that the number of people living
with dementia was estimated to increase to 115.4 million by 2050 (2). 13.26 percent of the total
Chinese adults were over 60 years old in 2010, and it is projected to grow to 400 million by 2050
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(3). Given that aging is associated with negative health outcomes
including cognitive impairment and dementia (4), which would
cause an increase in the population burden of disability
and mortality in old people and a heavy psychosocial and
economic burden for families and society (5). China bears a
heavy burden of Alzheimer’s disease costs, which could greatly
influence the estimates of Alzheimer’s disease costs worldwide
(6). Additionally, there is no effective treatment for dementia,
it is essential for preventive strategies (7). Since dementia has
a long preclinical phase in which accelerated cognitive decline
could be regarded as a keymarker (8). It is of great significance for
identifying the modifiable risk factors which could contribute to
preventing cognitive decline. The current research focused on the
prevention of cognitive decline through risk factor identification
and modification, with a growing interest in sleep (9, 10).

With the advancement of age, sleep patterns and circadian
rhythm change (11). The prevalence of habitual daytime napping
among old adults is significantly higher than in younger
individuals (12). Furthermore, afternoon napping is defined as
a part of healthy life in Chinese old adults from a cultural
perspective. Few studies (13–16) focused on the association
between napping and cognitive decline, especially for older
people, but the relationship between afternoon napping and
cognition was inconsistent (17, 18). Cai et al. (19) presented that
afternoon napping was related to better cognitive performance,
and Lin et al. (14) indicated that short afternoon naps (<30min
per day) could be associated with better cognitive performance in
old people, but Owusu et al. (13) found that afternoon napping
related to poorer cognitive performance in elders. Meanwhile,
only one study (15) showed that keeping the duration of
napping <90min per day was associated with better cognitive
performance after 2 years of follow-up. Lack of study uses data
from long follow-ups to test the effects of baseline afternoon
napping duration and the changes in afternoon napping on later
cognitive performance among old adults.

To extend previous work, we examined the associations of
baseline afternoon napping and changes in napping duration
from baseline to wave 4 with changes in cognitive function after
8 years by using the China Health and Retirement Longitudinal
Study (CHARLS) datasets. According to the previous research
conducted on the impacts of napping, we divided afternoon
napping into four groups: no napping, short napping, moderate
napping, and long napping. We hypothesized that nappers at
baseline would have better cognitive performance than non-
nappers over the period, moderate nappers at baseline would
maintain better cognitive function over the follow-ups, and
groups that became or remained non-napping, short napping, or
long napping would have worse cognitive performance compared
to people in moderate napping groups across the four waves.
To verify the hypothesis, we used a large-scale national cohort
CHARLS which was representative of Chinese over 45 years old.

METHODS

China Health and Retirement Longitudinal Study is a national
cohort study that is representative of Chinese residents aged 45

and older. This study used data from Chinese adults over 60
years old from CHARLS during 2011–2018. Participants from
CHARLS were randomly selected using a multistage probability
sampling design and a proportional sampling method (20).
CHARLS was conducted and followed up every 2 years on the
Chinese residents and their families (21) through self-report
questionnaires and interviews.

This present study used data from waves 1 through wave
4, conducted in 2011, 2013, 2015, and 2018. A total of 17,708
individuals were included and the response rate was 80.5% at
baseline. A total of 15,788 individuals with follow-up data were
collected in the second survey, 15,333 individuals collected in the
third wave, and 19,817 in wave 4. The sample in this study was
restricted to respondents over 60 years old at baseline, provided
self-reported afternoon napping information and cognition test
scores for at least one wave, and completed the four times follow-
up (n = 4,024). Written informed consent was provided by each
participant, and CHARLS received ethical approval from the
Peking University Institutional Review Board.

Measurement
Napping
During wave1- wave4, afternoon napping duration was self-
reported in face-to-face interviews without any given categories.
Participants were asked to respond to the question “During
the past month, how long did you take a nap after lunch
(average minutes for 1 day)?” According to previous studies,
we categorized afternoon napping into four groups: No
napping, 0min per day; Short napping, 0–30min per day (not
included 0min); Moderate napping, 30–90min per day (not
included 30min); Long napping, >90min per day. According
to Supplementary Figure 1, older adults with moderate napping
had higher global cognition scores than other groups, and
there is an m-shaped association between baseline napping
and longitudinal global cognition scores. For participants with
moderate napping at baseline were divided into five variation
types: no change, decreased >0.5 h, increased >0.5 h, decreased
0–0.5 h, and increased 0–0.5 h. By using these divisions, we could
explore changes in moderate napping and global cognition scores
in different waves. According to the change in napping data at
wave1-wave4, we defined the changes in napping for participants
with no, short, and long napping duration at baseline into five
categories: excessive, no change, benefit 1, benefit 2, and benefit 3
(specific definitions in the note of Table 5).

Cognition Assessments
Cognitive assessment was conducted in every wave and included
memory, executive function, and orientation. The memory
assessment test is comprised of the delayed and immediate word
recall for 10 unrelated words. The memory score was the sum
of words that were successfully recollected in the delayed and
immediate word recall tasks, separately, ranging from 0 to 20.
The orientation test comprised four questions regarding the date
of the month, the day of the week, the month, and the year. Each
correct answer counted one point. The executive function task
was comprised of the serial sevens test, in which the respondent
counts backward from 100 in increments of 7 (five successive
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counts, with one point given for each correct answer), and the
intersecting pentagons copying test, in which the participants
need to observe and draw a picture of two overlapping pentagons
(three points were given for a successful drawing and none
for an unsuccessful drawing). The executive score ranged from
0 to 8. The global cognition score was the sum of memory,
executive function, and orientation scores, ranging from 0 to
32. Both the reliability and the validity of these tests have been
well-documented (22, 23).

Co-variates Assessments
Potential confounders at baseline based on previous studies
requiring adjustment were demographic factors, depression,
chronic disease history, lifestyle behaviors, and taking
tranquilizers or sleeping pills. Night sleep duration was self-
reported by face-to-face interviews at each wave. Participants
were asked to respond to the question “During the past month,
how many hours of actual sleep did you get at night (average
hours for one night)?” Ten-item Center for Epidemiologic
Studies Depression Scale short form (CES-D) was used to
evaluate participants’ depressive symptoms (24). Each item
was scored from 0 (rarely or none of the time) to 3 (most
or all the time), and the total score was 30. People with a
score of 12 or higher were assigned to the depressive group.
Participants were asked to answer the highest level of education
completed, and participants with the highest educational level
under high school were divided into the low level of education
group, conversely, their inclusion in the high educational level
group. The history of chronic diseases collected by asking
“Have you been diagnosed with a chronic disease (for example,
hypertension) by a doctor?” Other details of the covariates are
included in Supplementary Table 1.

Statistical Analysis
The missing data were handled with multiple imputations.
Spearman’s Co-efficients were used to examine the correlations
between napping duration and global cognition scores at
four waves. The Analysis of Variance (ANOVA) was used to
compare characteristics differences within napping duration
groups at baseline. The longitudinal association between baseline
afternoon napping and cognitive performance over 8 years
was tested by using Generalized additive models (GAMs) and
Generalized estimating equations (GEE). GEE could examine
between-person variation and within-person correlation of
repeated outcomes and GEE is suitable for dealing with repeated
measurements data from a wide range of distribution types and
addresses the issue of correlation in repeated measurements
data. We calculated the association between baseline afternoon
napping and longitudinal global cognition by adjusting models
1–2. Besides, we defined the participants into two groups
according to their afternoon napping at baseline: napping≤1.5 h
in wave 1 and napping >1.5 h in wave 1. We also applied
adjusted GEEs to test the linear trend association between
baseline afternoon napping and longitudinal global cognition by
using the duration of the afternoon napping in the two groups,
separately. Since previous studies presented that the association
between night sleep duration and longitudinal global cognition

was not linear, the relationship between napping and longitudinal
cognitive development may also not be linear, so we chose a
GAM to explore the relationship between napping and long-term
cognitive performance since GAMs allow us to fit the model
using a non-linear smoothing term without prior knowledge
of the relationship between the dependent and independent
variables. GAMswere applied to examine the association between
baseline afternoon napping and cognitive performance at wave
4 by fitting a smooth spline curve. Generalized linear models
(GLMs) were used to analyze relationships between changes
in afternoon napping and cognitive performance by adjusted
models 1–3. For participants with no, short, and long napping
duration at baseline, we conducted GLMs to test the associations
between changes in napping defined before and cognitive
performance in wave 4, separately. However, for participants
with moderate napping at baseline, we applied several GLMs
to examine the relationships between changes in napping and
cognitive performance on each wave. We applied GLMs to
examine the associations between changes in napping between
wave 1 and wave 2 and global cognitive scores in wave 2, and
similar steps were conducted on data between wave 1 and wave
3, wave 1 and wave 4. We conducted a GEE which was stratified
by gender to test the sensitivity. All statistical analyses were tested
by SPSS 22.0 and R3.5.1. Two-tail P values<0.05 were considered
statistically significant.

RESULTS

Descriptive Statistics
After individuals without data on afternoon napping and
cognitive performances were excluded, 4,024 participants
were included in this study. The demographic and health
characteristics of participants at baseline are shown in Table 1.
The sample included 4,024 individuals over 60 years old at
baseline (48.4% male), the average global cognition score was
12.37 (SD: 6.34) at baseline, and the average self-reported
afternoon napping duration was 0.54 (SD: 0.71) h per day at
baseline. At baseline, 16.7% of the individuals were no nappers,
25.6% were short nappers, 12.0% were moderate nappers, and
45.7% were long nappers. Participants with moderate afternoon
napping were more likely to be males, to have slight BMI, to have
shorter night sleep duration, and to be smokers at baseline.

Supplementary Table 2 shows the correlations between
afternoon napping and global cognition scores. There
were positive relationships between cognitive performances
and napping durations during four waves. To examine the
longitudinal association between baseline napping and cognitive
performance at wave 4 and the associations between the changes
in napping and cognitive performance at wave 4, further analyses
were conducted.

Associations Between Afternoon Napping
and Longitudinal Cognitive Performance
The results of GEE which examined the associations between
baseline afternoon napping and longitudinal global cognition are
presented in Table 2. The results of GEE showed the relationship
between baseline daytime napping and longitudinal cognition
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TABLE 1 | Demographic and health characteristics of the study population at baseline.

Napping duration groups (categorized by sleep daytime napping in Wave 1)

0min (670) 0–30min (1,032) 30–90min (481) >90min (1,841) All (4,024) P-value

Continuous variables, mean (SD)

Age, years 66.70 (5.79) 66.73 (5.77) 67.21 (6.05) 67.23 (6.11) 66.90 (5.89) 0.069

BMI, kg/m2 22.72 (4.09) 23.28 (4.20) 23.27 (3.79) 23.31 (3.84) 23.02 (4.01) <0.001

Sleep duration per night, hours 5.94 (2.07) 6.11 (1.91) 5.34 (1.81) 6.72 (1.94) 6.16 (1.98) <0.001

Baseline cognition score 11.80 (6.31) 13.20 (6.12) 12.70 (6.56) 12.70 (6.10) 12.37 (6.34) <0.001

Categorical variables, n (%)

Gender (male) 316 (47.2) 592 (57.4) 290 (60.3) 751 (40.8) 1,949 (48.4) <0.001

High level of education 36 (5.4) 70 (6.8) 26 (5.4) 73 (4.0) 205 (5.1) 0.011

Physical activity

Vigorous physical activities 140 (20.9) 226 (21.9) 97 (20.2) 444 (24.1) 907 (22.5) 0.141

Moderate physical activities 185 (27.6) 277 (26.8) 116 (24.1) 531 (28.8) 1,109 (27.6) 0.200

Walking 316 (47.2) 460 (44.6) 183 (38.0) 855 (46.4) 1,814 (45.1) 0.006

Depression symptoms 350 (52.2) 523 (50.7) 234 (48.6) 894 (48.6) 2,001 (49.7) 0.349

Taking sleeping pills 15 (2.2) 14 (1.4) 10 (2.1) 23 (1.2) 62 (1.5) 0.228

Current smoking 341 (50.9) 559 (54.2) 282 (58.6) 1,045 (56.8) 2,227 (55.3) 0.023

Current alcohol use 529 (79.0) 307 (29.7) 134 (27.9) 383 (20.8) 965 (24.0) <0.001

Medical history

Hypertension 208 (31.0) 334 (32.4) 154 (32.0) 462 (25.1) 1,158 (28.8) <0.001

Dyslipidemia 80 (11.9) 140 (13.6) 54 (11.2) 135 (7.3) 409 (10.2) <0.001

Diabetes 67 (10.0) 81 (7.8) 27 (5.6) 72 (3.9) 247 (6.1) <0.001

Cancer 8 (1.2) 10 (1.0) 1 (0.2) 13 (0.7) 32 (0.8) 0.258

Chronic lung diseases 79 (11.8) 155 (15.0) 67 (13.9) 210 (11.4) 511 (12.7) 0.030

Liver disease 25 (3.7) 40 (3.9) 19 (4.0) 72 (3.9) 156 (3.9) 0.997

Heart problems 117 (17.5) 166 (16.1) 70 (14.6) 229 (12.4) 582 (14.5) 0.004

Stroke 23 (3.4) 35 (3.4) 15 (3.1) 36 (2.0) 109 (2.7) 0.059

Kidney disease 48 (7.2) 69 (6.7) 25 (5.2) 123 (6.7) 265 (6.6) 0.590

Stomach or other digestive disease 157 (23.4) 242 (23.4) 117 (24.3) 456 (24.8) 972 (24.2) 0.836

Emotional, nervous, or psychiatric problems 15 (2.2) 13 (1.3) 9 (1.9) 22 (1.2) 59 (1.5) 0.207

Memory-related disease 11 (1.6) 20 (1.9) 14 (2.9) 29 (1.6) 74 (1.8) 0.265

Arthritis or rheumatism 271 (40.4) 382 (37.0) 182 (37.8) 759 (41.2) 1,594 (39.6) 0.125

Asthma 29 (4.3) 54 (5.2) 31 (6.4) 86 (4.7) 200 (5.0) 0.348

BMI, body mass index. The bold values provided in table means that P < 0.05.

domains (orientation, memory, and executive function) are
shown in Table 3. Individuals with afternoon napping in wave
1 had better global cognition scores than the person who did
not have afternoon napping at wave 1, as well as better scores in
specific domains orientation and executive function. To be more
specific, participants with short afternoon napping at baseline
had better global cognition scores than people without napping
and had higher scores in all three aspects. At the same time,
people who had moderate afternoon napping also had higher
global cognition scores due to the data from adjusted model 1.

Linear trends were significant due to the data of adjusted
model 1. For participants whose napping was ≤1.5 h in wave 1,
a shorter napping duration was associated with a lower global
cognition score and the same results in all three domains, but

for participants with napping >1.5 h in wave 1, a longer napping
duration was related to lower global cognition score, to be
more specific, longer napping duration was associated with lower
executive function scores.

Supplementary Figure 1 showed the relationships between
afternoon napping at wave 1 and cognitive performance at
wave 4 with a non-linear curve. Supplementary Figures 1A–C

visualized the results of GAM for global cognition score in
wave 4. The EDF values presented a non-linear fit, and the
plots indicated an inconspicuous M-shape association between
afternoon napping and global cognition score in both univariable
and multivariable GAMs. The highest global cognition scores
at wave 4 appeared among those who had nearly 0.5- or 1.5-h
afternoon napping at baseline according to the plots.
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TABLE 2 | Associations between baseline daytime napping and longitudinal cognitive function according to generalized estimating equations (GEE).

Model 1a β (SE) Model 2b β (SE)

Categorical trend 1

No napping Ref. Ref.

Short napping 1.248 (0.773, 1.723)*** 0.901 (0.495, 1.344)***

Moderate napping 0.772 (0.376, 1.169)*** 0.327 (−0.053, 0.707)

Long napping 0.256 (−0.251, 0.763) −0.032 (−0.519, 0.455)

Categorical trend 2

No napping Ref. Ref.

Napping 0.810 (0.486, 1.134)*** 0.435 (0.125, 0.745)**

Linear trend for napping ≤1.5 h

Duration 0.642 (0.281, 1.004)*** 0.218 (−0.130, 0.566)

Linear trend for napping >1.5 h

Duration −1.603 (−3.026, −0.180)* −1.208 (−2.616, 0.201)

*** P < 0.001, ** P < 0.01, * P < 0.05, β: unstandardized beta Co-efficient, SE: standard error.
a Adjusted for age and sex.
b Adjusted for age, sex, educational levels, physical activities, BMI, depression, use of tranquilizers, smoking, alcohol consumption, night sleep duration at baseline, medical history

including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.

Associations Between Changes in Napping
and Longitudinal Cognitive Performance
Participants With Moderate Afternoon Napping in

Wave 1
The effects of changes in afternoon napping on global
cognition scores at wave 2, wave 3, and wave 4 among
participants with moderate afternoon napping were shown
in Table 4, the descriptive results of GLMs are included in
Supplementary Table 3. For people with 30–90min of afternoon
napping per day, napping decreased by >30min per day
from wave 1 to wave 2 was associated with worse cognitive
performance than those who remained in themoderate afternoon
napping group according to Model 1 and Model 2. For
participants with moderate napping, napping decreased or
increased by >30min per day from 2011 to 2018 and was related
to worse cognitive function than those of the no-change group
according toModel 1. However, the results of Model 2 andModel
3 showed that napping increased by >30min per day from 2011
to 2018 was related to worse cognitive function than those of the
no-change group.

Participants Without Afternoon Napping, With Short

or Long Afternoon Napping in Wave 1
The effects of napping changes on participants who were not in
the moderate-napping group in wave 1 were studied by subgroup
analyses in Table 5, and the characteristics of naptime variation
grouping are presented in Supplementary Table 4. Compared
with the “No change” group, the “Excessive” group had worse
cognitive performance in wave 4 among participants without
napping at baseline according to the results of Model 2. For
participants with short afternoon napping in wave 1, people in
the “Excessive” group had lower global cognition scores in wave
4 than the “No change” group according to the results of Model
1 and Model 2. However, after adjusted baseline global cognition
scores, there is no significant association found between changes

in napping from wave 1 to wave 4 and global cognition scores in
wave 4.

Sensitivity Analyses
Separate analyses were performed by gender to assess the
potential differences between male and female participants
on the main results. The results showed similar associations
between baseline afternoon napping and cognitive function in
females. However, these associations were no longer statistically
significant for males (Supplementary Table 3).

DISCUSSION

In this study, we observed an m-shaped association between
baseline afternoon napping and global cognition over 8
years among Chinese old people. For moderate nappers,
a >30min change in afternoon napping was significantly
associated with worse cognitive function. Compared to
those whose napping duration remained unchanged, a
move from no napping to long/short napping was related
to lower global cognition, and a move from short napping
to long/no napping was also associated with worse global
cognition. A change from no napping, short napping,
or long napping to moderate napping had no statistically
significant effect.

The results showed that participants with afternoon napping
at baseline would have better cognitive performance, which
is along with a study reported that napping was associated
with a decreased risk of cognitive decline after both 2 and 10
years (25). To be more specific, old adults with short napping
would have higher cognition scores than participants without
baseline afternoon napping. A recent longitudinal study (26) also
indicated that afternoon napping for fewer than 30min benefited
the cognitive function, in which afternoon napping over 120min
per day was more likely to develop cognitive impairment, which
is along with our results that a longer napping duration was
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TABLE 3 | Associations between baseline daytime napping and longitudinal cognitive function according to generalized estimating equations (GEE).

Orientation

Model 1a β (SE) Model 2b β (SE)

Categorical trend 1

No napping Ref. Ref.

Short napping 0.251 (0.160, 0.343)*** 0.195 (0.107, 0.282)***

Moderate napping 0.145 (0.065, 0.225)*** 0.077 (−0.001, 0.155)

Long napping 0 (−0.104, 0.105) −0.043 (−0.146, 0.059)

Categorical trend 2

No napping Ref. Ref.

Napping 0.147 (0.082, 0.212)*** 0.089 (0.025, 0.153)**

Linear trend for napping ≤1.5 h

Duration 0.120 (0.048, 0.193)*** 0.055 (−0.017, 0.127)

Linear trend for napping >1.5 h

Duration −0.313 (−0.640, 0.014) −0.211 (−0.540, 0.118)

Memory

Categorical trend 1

No napping Ref. Ref.

Short napping 0.550 (0.303, 0.796)*** 0.385 (0.153, 0.618)***

Moderate napping 0.314 (0.105, 0.522)*** 0.111 (−0.091, 0.313)

Long napping 0.061 (−0.207, 0.329) −0.057 (−0.315, 0.201)

Categorical trend 2

No napping Ref. Ref.

Napping 0.333 (0.163, 0.503)*** 0.163 (−0.001, 0.328)

Linear trend for napping ≤1.5 h

Duration 0.242 (0.052, 0.432)* 0.049 (−0.135, 0.233)

Linear trend for napping >1.5 h

Duration −0.499 (−1.220, 0.222) −0.245 (−0.980, 0.490)

Executive function

Categorical trend 1

No napping Ref. Ref.

Short napping 0.447 (0.249, 0.645)*** 0.321 (0.133, 0.510)***

Moderate napping 0.314 (0.149, 0.479)*** 0.139 (−0.021, 0.300)

Long napping 0.195 (−0.016, 0.405) 0.069 (−0.138, 0.275)

Categorical trend 2

No napping Ref. Ref.

Napping 0.330 (0.194, 0.465)*** 0.183 (0.051, 0.314)**

Linear trend for napping ≤1.5 h

Duration 0.279 (0.128, 0.431)*** 0.114 (−0.034, 0.262)

Linear trend for napping >1.5 h

Duration −0.791 (−1.387, −0.195)** −0.752 (−1.322, −0.182)*

*** P < 0.001, ** P < 0.01, * P < 0.05, β: unstandardized beta Co-efficient, SE: standard error.
a Adjusted for age and sex.
b Adjusted for age, sex, educational levels, physical activities, BMI, depression, use of tranquilizers, smoking, alcohol consumption, night sleep duration at baseline, medical history

including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.

associated with lower global cognition score among participants
with napping >90min in wave 1. The underlying mechanism
of which short napping’s benefits is unclear, inflammation (27)
and clearing of brain β-amyloid (28) were possible conjectures.
Short napping could be of advantage in clearing brain β-amyloid
by improving sleep quality since the low sleep quality is
associated with brain β-amyloid burden among old adults

(28). Sleep participants in the sympathetic nervous system and
hypothalamus-pituitary-adrenal axis which changes the basal
gene expression profile and leads to more proinflammatory
skewing (29, 30). But afternoon napping is thought to be
an evolved response to inflammation in particular (31).
Meanwhile, napping might be neuroprotective and could slow
the development of vascular and neurodegenerative pathologies,
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TABLE 4 | Associations between changes in daytime napping and global cognition among participants whose napping durations were 30–90min at baselinea.

Unstandardized beta Co-efficient (95% confidence interval)

Type of changes in nappingb

Decreased by >0.5 h Decreased by 0–0.5 h No change Increased by 0–0.5 h Increased by >0.5 h

Global cognition in wave 2b

Model 1 −1.587 (−2.583, −0.590)** −1.023 (−2.223, 0.177) Ref. −1.164 (−2.457, 0.129) −0.996 (−2.183, 0.191)

Model 2 −1.108 (−2.072, −0.144)* −0.688 (−1.842, 0.466) Ref. −0.968 (−2.209, 0.273) −0.625 (−1.767, 0.517)

Model 3 −0.769 (−1.600, 0.062) −0.531 (−1.525, 0.463) Ref. −0.824 (−1.893, 0.245) −0.253 (−1.237, 0.732)

Global cognition in wave 3c

Model 1 −0.824 (−1.767, 0.120) −0.226 (−1.372, 0.920) Ref. 0.070 (−1.118, 1.257) −0.927 (−2.021, 0.166)

Model 2 −0.445 (−1.364, 0.474) −0.022 (−1.137, 1.093) Ref. 0.301 (−0.849, 1.452) −0.396 (−1.464, 0.672)

Model 3 −0.128 (−0.911, 0.655) −0.098 (−1.047, 0.852) Ref. 0.364 (−0.616, 1.343) −0.019 (−0.930, 0.891)

Global cognition in wave 4d

Model 1 −1.210 (−2.298, −0.121)*** 1.328 (−0.040, 2.696) Ref. 0.268 (−1.152, 1.688) −1.952 (−3.183, −0.722)**

Model 2 −0.897 (−1.952, 0.158) 1.198 (−0.114, 2.510) Ref. 0.385 (−0.980, 1.751) −1.558 (−2.738, −0.379)*

Model 3 −0.147 (−1.060, 0.766) 1.002 (−0.129, 2.134) Ref. 0.303 (−0.874, 1.480) −1.123 (−2.141, −0.105)*

a Using generalized linear models (GLMs).
* P < 0.05, ** P < 0.01, *** P < 0.001.

Model 1: Adjusted for age and gender.

Model 2: Adjusted for Model 1+ educational levels, physical activities, BMI, depression, use of tranquilizers, smoking, alcohol consumption, night sleep duration at baseline, medical

history including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.

Model 3: Adjusted for Model 2 + baseline global cognition score.
b Change in napping presented the variations between napping in wave 2 and napping at baseline, being divided into five groups: decreased >0.5 h/day, decrease 0–0.5 h/day, no

change, increased 0–0.5 h/day, and increased >0.5 h/day, the GLMs showed the associations between this change in napping and global cognition scores in wave 2.
c Change in napping presented the variations between napping in wave 3 and napping at baseline, being divided into five groups: decreased >0.5 h/day, decrease 0–0.5 h/day, no

change, increased 0–0.5 h/day, and increased >0.5 h/day, the GLMs showed the associations between this change in napping and global cognition scores in wave 3.
d Change in napping presented the variations between napping in wave 4 and napping at baseline, being divided into five groups: decreased >0.5 h/day, decrease 0–0.5 h/day, no

change, increased 0–0.5 h/day, and increased >0.5 h/day, the GLMs showed the associations between this change in napping and global cognition scores in wave 4.

by reducing oxidative stress (32) or lowering vascular
demands (33).

Changes in afternoon napping had different effects on
cognitive performance for 8 years for no, short, moderate, and
long nappers at baseline. For moderate nappers, a >30min
change means a move from moderate napping to extreme
napping, as the previous cross-sectional study proved that,
was related to an increased risk of cognitive decline (26). The
possible underlying mechanism is related to altered circadian
rhythm. Previous studies proved the benefit of napping on the
sleep deprivation from the former night, a change in napping
could reflect the change in circadian rhythm for every 24 h
(34), and a bidirectional relationship between sleep duration,
circadian rhythm, and cognitive function was proved by the
previous analysis (35). Due to some studies, the sleep-related
circadian rhythm was regarded as a risk factor associated
with neurodegenerative diseases and an altered factor related
to neurodegeneration, including clearance of toxic proteins,
neuroinflammation, and Aβ dynamics (36). The results in
the study showed that, compared with Model 2’s results with
adjustments of potential covariates, after adjusted potential
covariates and baseline global cognition scores, moderate
nappers with an increase of >30min napping per day had
lower global cognition scores in wave 4, and other changes in
napping did not significantly associate with later global cognition
scores. These suggest that there might be reverse causality in

baseline cognition and afternoon napping. Baseline cognition
could influence older adults’ afternoon napping and cause the
individuals’ afternoon napping to increase or decrease in the
following years. More studies with stronger causal arguments are
needed in the future to infer whether there is a reverse causal
relationship between napping and cognition in the future.

For short nappers, a move to no or long napping presented
an increased risk of lower global cognition than the “no change”
group. Previous studies proved that no napping or long napping
had detrimental effects on cognitive performance, and short
napping (<30min per day) was a benefit for people’s cognitive
function (13, 25). Old adults who moved from short napping
to no or long napping could be defined as a high-risk group
for cognitive decline and cognitive impairment. When adjusted
baseline global cognition scores, no significant association was
found in Model 3. This is probably because the reverse causality
existed between afternoon napping and baseline cognition
among short nappers.

However, for long nappers, no significant difference was
found in the effect of change in afternoon napping. People
who consciously took long afternoon napping could represent
a group of people with inflammation or chronic disease and
unhealthy habits, who need long napping for recovering from
the bad condition of their bodies. It is possible that long daytime
napping is a risk marker that could reflect underlying health
conditions that impact cognition. In this situation, reducing the
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TABLE 5 | Unstandardized β Co-efficients for adjusted generalized linear models examining the relationships between variations in daytime napping and global cognition

at wave 4 among participants whose napping = 0, <30min or >90min at baselinea.

Unstandardized beta Co-efficient (95% confidence interval)

Type of changes in nappingb

Excessivec No changed Benefit 1e Benefit 2f Benefit 3g

No napping in wave 1

Model 1 −0.412 (−1.083, 0.259) Ref. −0.787 (−1.722, 0.148) 0.930 (−0.483, 2.342) −0.884 (−2.804, 1.035)

Model 2 −0.694 (−1.335, −0.053)* Ref. −0.764 (−1.654, 0.125) 0.462 (−0.885, 1.809) −0.786 (−2.609, 1.038)

Model 3 −0.447 (−1.001, 0.107) Ref. −0.537 (−1.305, 0.231) 0.181 (−0.982, 1.334) −0.670 (−2.245, 0.904)

Short napping in wave 1

Model 1 −3.712 (−5.977, −1.447)*** Ref. 1.903 (−1.097, 4.902) −2.568 (−5.282, 0.146) 0.803 (−2.010, 3.616)

Model 2 −2.593 (−4.763, −0.423)* Ref. 1.067 (−1.785, 3.919) −1.990 (−4.588, 0.607) 0.806 (−1.863, 3.475)

Model 3 −1.391 (−3.245, 0.464) Ref. 1.602 (−0.828, 4.033) −0.795 (−3.013, 1.423) 1.609 (−0.666, 3.885)

Long napping in wave 1

Model 1 −1.246 (−3.024, 0.533) Ref. −0.737 (−2.956, 2.483) 0.560 (−2.032, 3.151) 0.135 (−2.879, 3.149)

Model 2 −1.556 (−3.270, 0.158) Ref. −0.744 (−2.895, 1.408) 0.218 (−2.275, 2.710) −0.195 (−3.091, 2.702)

Model 3 −0.863 (−2.374, 0.647) Ref. −0.427 (−2.319, 1.464) 0.868 (−1.325, 3.061) 0.480 (−2.068, 3.027)

a * P < 0.05, ** P < 0.01, *** P < 0.001.

Model 1: Adjusted for age and gender.

Model 2: Adjusted for Model 1+ educational levels, physical activities, BMI, depression, use of tranquilizers, smoking, alcohol consumption, night sleep duration at baseline, medical

history including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.

Model 3: Adjusted for Model 2 + baseline global cognition score.
b Type of napping’s variation was decided by patterns of daytime napping in Wave 2–Wave 4.
c Excessive, for participants with No napping in Wave 1, they were divided into Excessive group as long as they were in No or Long napping group once from Wave 2 to Wave 4; for

participants with Short napping at baseline, they were divided into Excessive group as long as they were in No or Long napping group once from Wave 2 to Wave 4; for participants

with Long napping at baseline, they were divided into Excessive group as long as they were in No or Long napping group once from Wave 2 to Wave 4.
d No change, for participants with No napping in Wave 1, they were divided into No change group if they maintained in No napping group from Wave 2 to Wave 4; for participants

with Short napping at baseline, they were divided into No change group if they maintained in Short napping group once from Wave 2 to Wave 4; for participants with Long napping at

baseline, they were divided into No change group if they maintained in Long napping group once from Wave 2 to Wave 4.
e Benefit 1, for participants with No napping in Wave 1, they were divided into Benefit 1 group if they maintained No napping in two waves and had an Moderate napping in another wave;

for participants with Short napping at baseline, they were divided into Benefit 1 group if they maintained Short napping in two waves and had an Moderate napping in another wave; for

participants with Long napping at baseline, they were divided into Benefit 1 group if they maintained an Long napping in two waves and had an Moderate napping in another wave.
f Benefit 2, for participants with No napping in Wave 1, they were divided into Benefit 2 group if they maintained in No napping group for one wave and in Moderate napping group for

other two waves; for participants with Short napping at baseline, they were divided into Benefit 2 group if they maintained an Short napping in one wave and had two Moderate napping

in other two waves; for participants with Long napping at baseline, they were divided into Benefit 2 group if they maintained an Long napping in one wave and had two Moderate

napping in other two waves.
g Benefit 3, for participants with No napping in Wave 1, they were divided into Benefit 3 group if they maintained in Moderate napping in three waves; for participants with Short napping

at baseline, they were divided into Benefit 3 group if they Moderate napping in three waves; for participants with Long napping at baseline, they were divided into Benefit 3 group if they

Moderate napping in three waves.

napping duration would not be a beneficial way for them (27, 37).
Meanwhile, Leng et al. (26) reported that excessive napping
could be considered a robust independent early risk marker of
future cognitive decline and impairment in elderly persons. The
“long nappers” might be phenotyped as a “hyper somnolent”
group genetically who are with more likelihood of falling asleep,
so they would have higher sleep efficiency and relatively long
sleep duration. This group might have common pathways to
neuropsychiatric conditions at the same time.

Strength and Limitations
To our knowledge, this is the first study to test the longitudinal
association between baseline napping, change in napping, and
cognitive performance over 8 years, and our analysis used a large,
longitudinal, and representative sample. Neurocognitive tasks
used to test participants’ cognitive performance were the same for
every wave, which facilitated the comparing analysis across time.
The robustness of the cohort with enough follow-up years and

multiple confounders allows us to observe how the longitudinal
relationships with adjustments.

Our study had several limitations. The results could have a
selective bias since we excluded participants without finishing all
the follow-ups, which could limit the representativeness of the
present results. Afternoon napping was assessed by self-reported
analyses in this study, and this could still cause inaccuracies by
recall bias compared to objective afternoon napping durations.
In our analysis, we assumed that afternoon napping which
people self-reported was planned, not unconscious excessive
daytime sleepiness among the old participants. However, the naps
reported in our sample could be resulted from other conditions,
such as excessive daytime sleepiness and sleep disturbance.
We cannot adjust these possible confounders according to
the absence of the measurements in CHARLS. Although we
adjusted for numerous confounders in our analyses, unmeasured
covariates including napping frequency and whether naps are
scheduled naps might still lead to confounding bias. Besides,
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many potential covariates such as what kind of physical diseases
participants had in the study were from subjective reports of
respondents, which could result in recall bias or reporting bias.
Meanwhile, the cognitive development information was tested by
idiosyncratic combinations of validated cognitive tasks instead of
a standardized cognitive battery, which could also result in biases.
Reverse causality may exist between cognition and afternoon
napping, further study with stronger causal arguments.

CONCLUSION

In conclusion, using data from a longitudinal study of large
groups across multiple time points, we reaffirmed that napping
could be a marker of cognition change. We observed that adults
over 60 years old with napping <30min per day may be at
lower risk of cognitive decline. Old people who have changes
in napping, especially a move to extreme napping, would be
defined as a high-risk group of cognitive decline and cognitive
impairment. This finding will be useful for doctors to provide
daytime napping recommendations for old people and help
clinicians to identify the old people at risk. Further prospective
experimental studies with objective measurements of daytime
napping are needed for exploring the effects of daytime napping
on cognition and providing specific interventions with napping
protocols for old adults.
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